Background and Purpose-The PROACT II study demonstrated a significant benefit from treatment with intra-arterial pro-urokinase (r-proUK) in patients with middle cerebral artery occlusion treated within 6 hours of stroke onset. The purpose of the current study was to examine baseline factors to determine predictors of good outcome and response to treatment. Methods-We selected from the baseline clinical, radiologic, and angiographic data variables that considered possibly related to outcome. A univariate analysis was performed to examine the association between these baseline factors and good outcome, defined as a modified Rankin scale score Յ2. A multivariate model then selected the most important variables independently influencing prognosis. A risk score for each patient was constructed on the basis of the patient's individual values for each independent variable. Patients were stratified into risk quartiles based on their risk scores, and an odds ratio for each risk quartile was calculated. The treatment effects of each quartile were compared. Results-In the univariate analysis, screening National Institutes of Health stroke scale (NIHSS) score and age were strongly associated with good outcome. The multivariate model selected age, NIHSS score, and CT hypodensity as the most important prognostic variables. Dividing patients into quartiles based on risk scores achieved a uniform gradient of probability of good outcomes. A trend toward benefit of r-proUK treatment was seen in all risk quartiles, and no differential treatment effect was observed across risk groups. Conclusions-There was no evidence of differential effect of r-proUK across subgroups of patients stratified by risk.
F ollowing the experience in coronary ischemia, thrombolytic therapy is becoming established as part of the acute treatment of ischemic stroke. On the basis primarily of the results of the National Institute of Neurological Disorders and Stroke (NINDS) trial, 1 systemic tissue-type plasminogen activator (tPA) is routinely used in patients for treatment of acute ischemic stroke who present within 3 hours of the onset of their symptoms. Early experience with patients treated with intra-arterial (IA) thrombolysis suggested improved outcomes and recanalization rates with this approach. [2] [3] [4] [5] [6] [7] [8] [9] Two randomized, controlled studies have also evaluated the safety and efficacy of IA thrombolysis performed through a catheter directly into the body of the thrombus. 10, 11 Direct catheter administration allows a maximized dose of a thrombolytic agent in the vicinity of the clot while potentially reducing the risk of systemic bleeding. The Pro-Urokinase (r-proUK) for Acute Cerebral Thromboembolism (PROACT) studies demonstrated the benefit of IA therapy with r-proUK in improving outcome from stroke due to occlusion of the middle cerebral artery (MCA) treated within 6 hours of onset. 10, 11 In PROACT II, patients treated with IA r-proUK had a 15% absolute and a 58% relative increase in good outcome (defined as modified Rankin scale [mRS] score of Յ2 at 90 days) compared with controls. Intracerebral hemorrhage associated with neurologic deterioration occurred in 10% of r-proUK-treated patients and 2% of controls at 24 hours. We analyzed the PROACT II database to look for specific factors that predicted outcome and to assess whether patients at higher or lower risk, based on these factors, responded differentially to IA r-proUK.
Methods
PROACT II was a randomized trial that compared 9 mg of IA r-proUK plus low-dose IV heparin with heparin alone. 11 In this study, 180 patients aged 18 to 85 years with an M1 or M2 MCA occlusion confirmed by angiography and within 6 hours of symptom onset were randomized in a 2:1 ratio to treatment versus controls. Table 1 lists inclusion and exclusion criteria for PROACT II. Between February 1996 and August 1998, 12 323 patients were screened at 54 centers, and 474 underwent angiography to find 180 patients entered into the trial. At randomization, patients were stratified by the National Institutes of Health stroke scale (NIHSS) into 3 strata: 4 to 10, 11 to 20, and 21 to 30. r-proUK was infused over 2 hours, and angiography was repeated at 2 hours to assess recanalization. The primary end point was an mRS score Յ2 at 90 days. CT and angiographic studies were reviewed by a central group of neuroradiologists. The database from PROACT II was interrogated by using univariate and multivariate techniques.
For the univariate analysis, 25 categorical and 10 quantitative variables that were considered possibly related to outcome were selected from pretreatment clinical, radiologic, and angiographic information obtained in the PROACT II study. A univariate analysis was first performed to assess the relation between individual variables and the primary outcome measure of an mRS score Յ2 and the extent to which the variable influenced the size of the treatment effect. These analyses were achieved with a logistic model that included terms for treatment and the baseline variable being considered; an additional product term (treatment times baseline variable) was then added to allow treatment effect (expressed as an odds ratio [OR] ) to differ according to the status of the baseline variable. Quantitative variables were included in these analyses as binary factors dichotomized at the median; the exception was NIHSS score, which was trichotomized (4 to 10, 11 to 20, and 21 to 30) as dictated by the stratification specified in the study protocol. 3 The Bonferroni correction 12 was used when assessing the significance of relations to allow for multiple comparisons.
To investigate the general relation between "risk" and treatment effect in PROACT II, we built a multivariable logistic risk model by stepwise selection from the baseline variables considered in the univariate analysis. Because the overall result of PROACT II demonstrated a significant treatment effect, "treatment" was entered into the model initially, and then subsequent steps added baseline variables in order of their prognostic importance with respect to the primary outcome. An important feature of this approach was that it allowed for intercorrelation between prognostic factors, such that variables were selected on the basis of their independent contribution to prognosis as opposed to that derived from correlations with other influential variables.
The important prognostic variables selected by this model were then used to create a risk score for each patient on the basis of that patient's individual values for the prognostic variables. The risk score was computed as the sum over the selected variables of the patient's baseline status times the estimated regression coefficient (the ␤ coefficient) for the variable. The patients were then stratified into risk quartiles based on risk scores, and an OR for treatment effect was calculated for each risk quartile. The Breslow-Day test was used to compare quartiles for differences in treatment effect.
Results
Analyses were performed for all randomized subjects (intention-to-treat), unless otherwise specified. Results of the univariate analysis are summarized in Table 2 . As might be anticipated, older age and the presence of many of the history items tended to reduce the likelihood of a good outcome, as did increasing baseline NIHSS score. Because we considered a total of 35 individual baseline variables, the Bonferroni correction required a probability value of 0.05/35, or 0.0014, for any 1 analysis to be considered "significant." Only NIHSS stratum and age Ͼ68 reached statistical significance by this criterion and thus, showed strong evidence of an influence on outcome. History of cerebrovascular disease, diabetes, and hypertension attained probability values close to this level and thus, could only be considered to have shown a "trend" toward a relation with outcome.
All potential predictive factors were offered to the multivariate model. The OR associated with treatment, after adjustment for other important prognostic variables, was 2.49 (Pϭ0.022), greater than the OR obtained from the original PROACT II analysis of 2.13 (Pϭ0.043). After treatment The table indicates the observed odds ratio (OR) for a good Rankin outcome with the listed factor present as opposed to absent, and the associated P value for the test of "no prognostic effect" (ie, ORϭ1). For multilevel baseline factors such as "etiology" and "proximal extent of clot", ORs are given relative to a reference category indicated by an OR of 1.00. For example, relative to an NIHSS of Յ10, a patient with an NIHSS of 11-20 would have an OR of 0.36 for a good outcome, and an OR of only 0.07 if they presented with a severe stroke with an NIHSSՆ21.
CHF indicates congestive heart failure; ASA, acetylsalicylic acid; SBP, systolic blood pressure; DBP, diastolic blood pressure; ICA, internal carotid artery; MCA, middle cerebral artery; ECASS, European Cooperative Acute Stroke Study.
effect, which was forced in, the model selected age Ͼ68, NIHSS stratum. and CT hypodensity Ͼ5.25 mL as the most important prognostic variables (Table 3) 
Based on the individual values for the 3 most important prognostic variables defined in the multivariate model, a risk score was assigned to each patient. The group was then divided into 4 risk quartiles based on the risk score ( Table 4 ). The effectiveness of this risk score in separating patients with inherently different prognoses can be seen in the gradient of risk in the control group, which ranged from only a 5% likelihood of achieving a good outcome (mRS score Յ2) in the high-risk quartile to a 56% likelihood of a good outcome in the lowest-risk quartile. Within each risk quartile, there were more good outcomes (mRS score Յ2) in those treated with r-proUK; however, as might be expected in these relatively small subgroups of patients, the differences did not reach statistical significance. Although there was some variability in the size of the observed treatment effect (expressed as an OR) over risk quartiles, the extent of this variability was quite consistent with the natural play of chance. The formal test of the homogeneity of treatment effect across subgroups was firmly nonsignificant at Pϭ0.91. The same lack of differential treatment effect was observed when either intentto-treat or treated-as-allocated groups were used.
The categorical and quantitative variables were also examined for their individual influence on treatment effect (ie, subgroup effects). Because of the limited size of PROACT II and the multiple comparisons, this must be considered an exploratory analysis rather than definitive. Etiology of stroke was the only baseline variable close to significance in this analysis after correction for multiple comparisons (Pϭ0.0090). Treatment with r-proUK was associated with a greater treatment effect with internal carotid artery (ICA) atherosclerosis or a cardioembolic etiology of stroke than with stroke due to unknown or other causes. Treatment effect tended to be greater in the absence of a hyperdense middle cerebral artery (HMCA) sign on CT; however, this effect was less convincing (Pϭ0.030; Table 5 ).
Discussion
The results of PROACT II indicated a clinically and statistically important improvement in the outcome of acute stroke patients when treated early with IA r-proUK. The effect of IA r-proUK was to more than double (ORϭ2.13) the odds of a good outcome compared with controls. The major conclusion from this secondary analysis of the PROACT II data is that this proportional treatment effect is quite consistent over subgroups of PROACT II patients at inherently different risk, as predicted from baseline factors. In the risk stratum with the worst prognosis for good outcome, only 17% of those treated with r-proUK reached the primary endpoint of an mRS score Յ2, but this was considerably more than the 5% in those who did not receive treatment. In the lowest-risk quartile, 68% of patients experienced a good outcome after r-proUK compared with 56% of the controls in this stratum. Comparing treatment effect across risk strata differs from the test-of-treatment effect used by the NINDS investigators. 13 The NINDS intravenous tPA trial included Ͼ600 patients, which created larger subgroups for comparison of treatment effect. The small number of total patients and the 2:1 randomization limit the statistical power of comparing treatment effects across individual subgroups. Although it is biologically conceivable that treatment effect size would vary by individual baseline prognostic variables, the combined influence of all of these variables on "risk" might be the determining factor. By creating risk strata from predictors of risk, as determined by multivariate analysis, we avoid the problem of comparison of multiple small subgroups and increase the statistical power of detecting differences of treatment. Showing that the size of the relative treatment effect was independent of the level of risk allows clinicians to more confidently apply the results of PROACT II to their patients. For example, even in the lowestrisk stratum, with a 56% rate of good outcome in the control group, r-proUK might be expected to increase this rate to 68%, based on the common estimated treatment effect.
As noted previously, the OR (and probability value) associated with treatment after adjustment for other important prognostic variables in the multivariable analysis was 2.49 (Pϭ0.022), stronger than the OR of 2.13 (Pϭ0.043) obtained from the original intent-to-treat analysis. This indicates that randomization in PROACT II slightly favored controls in terms of inherent prognostic risk and that the trial might have slightly underestimated the true effect of treatment with 
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r-proUK. Knowledge of prognostic variables such as those identified by this analysis might have implications for future thrombolytic trials that could stratify such variables at randomization to avoid imbalances affecting the primary results. This is particularly important for smaller studies like PRO-ACT II, because the potential for bias diminishes as sample size increases. We also examined treatment effect in individual subgroups, although because of the small number of patients, this must be considered an exploratory analysis to generate hypotheses for further testing in larger studies. Etiology of stroke showed a strong trend toward influencing the size of the treatment effect, with the greatest benefit in patients with stroke due to ICA atherosclerosis, followed by cardioembolic stroke. Stroke etiology was recorded by the individual investigators on the basis of interpretation of relevant clinical data. Standardized criteria such as TOAST 14 or Oxfordshire classifications 15 were not used. However, all investigators were experienced stroke neurologists. A differential response to treatment might relate to the composition or age of embolic material or to a smaller clot burden in emboli originating from ICA atherosclerosis compared with cardiac emboli or emboli from other sources.
Patients without the HMCA sign tended to have a greater response to r-proUK than those with this sign, although the magnitude of the effect was much less than for stroke etiology. This difference might also be explained by a large clot burden, different clot composition, or more proximal location of the clot in patients with the HMCA sign. Future studies of IA thrombolysis should focus on these possible factors that predict treatment effect to confirm the significance of this exploratory analysis and examine the physiological reasons for differences in treatment response.
Factors that influenced prognosis in this cohort of patients with an M1 or M2 MCA occlusions were similar to those in prior thrombolytic trials. In the NINDS trial of IV tPA administered within 3 hours of stroke onset, interactions between age and NIHSS scores, age and mean arterial pressure, and diabetes and early CT findings were independent predictors of good outcomes. 13 No other prospective controlled trials of IA thrombolysis have been performed. One prior report of 76 consecutive patients treated with IA therapy identified NIHSS score, age, recanalization, etiology of infarct, and residual levels of blood flow by SPECT as independent factors influencing outcome. 16 Other series of patients treated with IA thrombolysis found NIHSS score, early improvement, vessel recanalization, and length of occlusion to be factors associated with outcome. 17, 18 In a recent report of 100 patients with MCA occlusion treated with IA urokinase, age Ͻ60 years, low admission NIHSS score, and vessel recanalization were independently associated with excellent or good outcome, whereas diabetes was associated with poor outcome. 19 Age and initial NIHSS score were also found to be independent predictors of outcome in our study. CT hypodensity size, which we found to be an important prognostic variable, was not reported in the study by Arnold et al. 19 Prior reports of IA thrombolysis involved smaller numbers of patients and lacked controls for analysis of treatment effect. In addition, the occlusion sites were more varied, standard protocols were not applied, and multivariate analysis was not always performed. Even in our study, the relatively small numbers limit the strength of conclusions, particularly with regard to treatment effects.
Several factors, which in this analysis did not influence outcome or treatment effect, are noteworthy. Time to randomization and time to treatment were not strongly associated with outcome or treatment effect. The preponderance of patients treated after 5 hours in this study might have limited the ability to detect such a relation. Other thrombolytic trials identified time to treatment as a significant determinant of outcome. 20 Abnormalities on initial CT, including evidence of edema and mass effect, also were not associated with outcome in this analysis, although a large area of hypodensity was one of the important prognostic variables selected by the logistic regression model. Analysis of CT findings from the NINDS tPA study also found no association between early CT abnormalities and outcome, 21 although few patients had large areas of hypodensity at this early interval after stroke onset. In an analysis of factors associated with hemorrhage in the PROACT II study, Kase et al 22 found that serum glucose was significantly associated with the risk of symptomatic hemorrhage. We found no association between diabetes or elevated glucose and outcome or treatment effect.
A trend toward greater treatment effect in patients with partial or complete collaterals was observed, but this did not reach statistical significance. This exploratory analysis does not exclude the possibility that collaterals maintain tissue viability and increase the response to treatment several hours after stroke onset, but further studies with larger numbers of patients will be needed to clarify this relation. Very few patients in this study had complete collaterals, the group that might be expected to have the greatest treatment response within a 6-hour time window. The decision to treat an acute stroke patient with thrombolysis would be greatly aided by information regarding the expected response. If a patient can be expected to have a robust response, other negative considerations might be overcome. Those less likely to respond might be excluded from treatment with a lower threshold. Our analysis indicates that a consistent pattern of treatment effect was seen over the range of baseline risk levels. Thus, when determining whether to treat an individual PROACT-like patient, the clinician can, with some confidence, apply the overall proportional treatment effect to the perceived risk of the patient in question. 12 
